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An investigation has been  conducted in the  Langley  &-inch 
high-speed  tunnel to deternine  the  effects of sweepback  and low 
aspect  ratio on the  aerodyntimic  characteristics of a wing  at  high 
subsonic  Mach nmbera. Tests wera conducted on 8 2-inch-chord 
alrfoil of NACA 65-110 section  normal to  the leadfng edge at 
aspect  ratios of 2, 3, and 5 and  sweepback angles of Oo, 30°, 
and 45'. Section  charaaterietice vere also deterrained.  Mach 
numbers ranged f r a  0.40 up  to  choking,  which varied fram 0.870 
to above 0.960. 

It wa8 found that sweepback and law aepect  ratio each tend 
to both delay and lessen the effects of cmpressibility.  When  in d- 
caubination,  the  effects a r e  cumulative  but  leas than additive. 
The larger the amount of either  variable  used in a cabination the 
less will  be  the  effect of the other variable, and, therefore, the 
greatei- will be the  departure from an additive  effect; 

The marked  increase in  drag and  erratic  stability  changee " 

which  take  place a~ the  critlcal  Mach  number i a  exceeded have 
been a serious  obstacle to transonic flight for quits eane time. 
As ha6 been shown previously in reference 1, the u8e of low aspect 
ratios  leads  to  the  alleviation of these adverse effects. A eimple 
theory for the  infinitely long sweptback w i n g  (reference 2) predicts 
that only  the  caiponent of flaw perpendicular to the leading edge 
has eignifioance. The critical  Mach  number  will  therefore  rise 
inversely as the  cosine of the angle of sweopbsck. Xxper-ental 
investigations have been conducted wUch verify this  theory 
(reference 3). To obtain  data at high  subsonic  speeds showing 
the  cambined  effect of aspect  ratio  and  sweepback, t e a t s  were 
conducted in the  Langley 2kinch high-speed tunnel  on a 2-inch-chord 
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a i r f o i l  of RACA 65-110 section normal t o   t h e  leading edge. The- 
investigation included. t e e t s  of wings a t  aepect ratioa of 2, 3, 
and 5, and sweepback angles of.00, 30°, and 45O, and ala0 a deter- 
mination of section  characterist ics.  Mach numbers ranged from 
0.4 up t o  choking, which varied f rcm 0 .ST0 t o  above 0.960. 

SYMBOLS 

C wing chord, measured perpendicular t o  leading edge 

b wing span, measured perpendicular t o  free stream 

s wing area 

A aepect ratio .(b2/S) 

d angle of sweepback, degrees 

M free-stream Mach number 

CL w i n g  l i f t  coefficient 

CD w i n g  drag  coefficient 

%/4 wing pltchingament  coefficient.about w i n g  root  quarter 
chord 

a angLe o f  attack, degrees; measured in  plane of undisturbed 
flow 

The Langley 2b inch  high-speed tunnel in which theee t e s t s  
were  r u n  (reference 4)  is a nometurn, induction-&ne, tunnel with 
the induction nozzle placed downstream frcm the teet  section. 
Previous t o  these tests  the  tunnel was modified by the installa- 
t i on  of flats which reduce the tes t   sec t ion  width f r c a n  24 inches 
t o  18 inchee. 

Tetits were conducted on a 2"inch-chord airfoil of NACA 65110 
section normal t o  the leading edge a t  aepect  ratios of 2, 3, and 5 
and sweepback angles of O", 30°, and 45'. S e c t i o n ' c ~ r a c t e r i s t i c s  
were also determfned. The inf ini te   aapect   ra t io   tes te  were made 
with the mdel  conrpletely sparining the tunnel at zero sweepback. 
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The f ini te   aspect   ra t io ,  zero sweepback models were obtained by 
successively  cutting o f f  the mqdel t i p s  p a r a l l e l   t o   t h e   f r e e  
stream. (See f igs .  lfa) and l ( c )  . 1 For the  sweptbaak t e a t s  
the model wae rotated rearward around the root section  quarter 
chord and the  t ipa were cut off parallel t o  the free-stream 
flow. (See f ig .  l ( b ) . )  I n  a l l  configurations  tested the m o d e l  
passed through end platee flush mounted i n  the flat walls of the 
tes t   sect ion.  These end platee had holss in  them the same shape 
as ’ the   a i r fo i l   bu t   s l i gh t ly  larger t o  permit  clearance. Two 
eemiepan models w e r e  used i n  order t o  double the magnitude of 
the  forces  thm  reducing the sca t te r  i n  the  data by approximately 
one-half . 

L i f t ,  drag, and pitching mament were msasured over and angle- 
of-attack  range of do t o  6O a t  aspect   ra t ios  of 2, 3, and 5 and 
sweepback angles of Oo, 30°, and 45O. Section  characteristioe 
were obtained over the e m  aqlo-of-attack  range. The Mach 
number range extended from 0.4 t o  0.96, corresponding t o  Reynolds 
num3ere of 5.3 x 105 t o  7.6 x 105. 

PRECISION 

Small errors  in the data r e su l t  frcm inaccuraciee i n  the 
calibration of the  balance and the  static+reesure  orificee and 
frcm l imitations on the maximxu sensi t ivi ty  of the balance.  Since 
the absoluto  inaccuraciee of the  balance are ffxed, the  errors  
becoane larger as the  aspect  ratio,  oweepback, or Mach number 
decreasee. A t  a Mach  number of 0.50, an  aepect   ra t io  of 2, and, 
zero sweepback which fs the  configuration  giving  least  accuracy, 
the  errore i n  coeff ic ient   are  of the following order: 

Tluulel-wall 
f igurations from 80 percent  chord  ahead of the leading edge t o  

chard.behind  the  tralling edge, showed static-pressure 
Sen t s   i n  a l l  cam8  lees than 2 percent up t o  the choked 

condition. For this  reason it is felt t h a t  sll data up t o   bu t  
not including the choked Mach  number are very nearQ  the same BB 
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free-akream  data. The end poj.nts of the  curves shown i n  figures 3 
and 4 indicate  the choked Mach numbers for   a l l   configurat iom  tes ted.  
A t  an  aspect  ratio of 5 and zero. sweopback, teste  duplicated  with 
only one model in the  tunnel .showed excellent agreement on a l l  
forces .- . .  . 

The type of end-plate  arrangament  previously  diacusaed was 
used for a l l  configmatione i n  the  twat progam, the gap being 
varied  in  direct  proportion to   the   a rea  of- the model tested.  
Since this resulted i n  leakage errors which were of the same 
re lat ive  mgnitude.for   a l l   ccnfigurat iom  tes ted,  no cojzrections 
were applied. 

RESULTS PWD DISCUSSION 

The data  are shown in figures 2 t o  6.  Figure 2 shows w i n g  
l i f t  coefficient  plotted  against  angle of attack for various  angles 
of sweepback, Mach numbers,  an?. aspect  ratios.  Figure 3 shows 
l i f t   coeff ic ient   plot ted against-Mach number for a l l  aspect  ratios 
and angles of sweepback, start ing  with a low-speed value of 0.20 
for a l l  configurations and holding  the  respective  angles of attack 
constant  as the  Mach number was Increased. The usual i n i t i a l  rise 
In l i f t - c u r v e  slope w i t h  increasing Mach  number is evident  in a l l  
of the  curvea. AB the Mach  number is increased further, the l i f b  

break Mach number Increases, and the magnitude of the  initial rfse, 
the height of tho peak, and the r a t e  of loss  of l i f t  beyond the peak 
a l l  becarno lese as the angle of sweepback is  increased or  the  aspect 
r a t i o  i s  reduced. For example, the l i f t  a t  an aspect ratio of 5 
and zero sweepback rises  with Mach numher up to 0.80 and then breaks 
sharply downward u n t i l  a t  a Mach  number of 0.95 it has fa l l en  well 
below the  hw-speed value. %,?hen the m e  aspect   ra t io  is  used at 
30° of  sweepback, the l i f t  does not rise a8  rapidly and does  not 
a t t a in  as high a peak, but alra Mach  number of 0.925 ie s t i l l  be t te r  
than a t  low speed. Aa an extreme case, coneider the l i f t   coe f f i c i en t8  
a t  an  aapect r a t i o  of 2 or 3 and 45O of. sweepback which rim very 
slowly wjith Mach number up t o  a Mach number of above 0 425.  T h e ,  
within  the  range of t h i s  tnveatigation, use of sweepback or l o w  aspect 
r a t i o  tend t o  both delay and reduce  the  effecte of ccanpreaeibility. 
When in combination, the  effects of sweepback and low aepect-  rat-io 
are  cumulative  but less than additive. The larger  the amount of 
either  variable used i n  a combination, the less w i l l  be the  effect  of 
the  other  variable and, therefore,  the  greater w i l l  be the departure 
from an addi t ive  effect .  

. In  general  reaches a peak and the force break  occurs. The force 

Figure 4 shows drag coefficient a t  zero. degrees angle of at tack 
plotted  against Mach nuuiber for  various  angles of sweepback and 
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aspect  ratios.  An effect s M l a r  t o  that for the lift character- 
i s t i c s  is noted hsre, namelyt tht the use of sweopback o r  low 
aspect   ra t io  teiId.6 t o  delay the  e f fec ts  of c a p r e s s i b i l i t y .  A s  
the sweepback ir-creases and the  aspect  ratio  decreases  the  drag 
r i s e  i s  delayed t o  a h3gher Mach  number and OCCWB less abruptly. 
When sweepback and. liw aspect ratio a r e   c d i n e d ,  their effects  
became cumulative  but less tkan  additlve. The larger the amount 
of e i ther  variable used i n  a cabfrat ion,   the   greater  w i l l  be the 
departure f rom.  an addi t ive  effect. Crgnparing the three parts of 
figure 4 shows thls later effect markadly. As the aspect ratio 
,decreases  the cl;angcs Ln drag  coefficfent at  high Kiach n-ers 

sweepback increases, changes in  drag-coefficient due t o  changas 
in   aspec t   ra t io  beccane lees.  Decreasing the aspect ratio a t  
constant swee2back tend6 t o  increase  the lcm-apeed drag coefffcient 
due t o  both t b  increase In  induced drag and also becauae the   r a t io  
of t i p  drag t o  total  drag iixraasea with desreasing  aspect  ratio. 
However, sweeping the w i h g  back a t  consknt  aepect  ratio  tends t o  
decrease the 1ow"epeed drag coefficient slightly. 

due t o  change8 i n  Weepback peccae. less ad., 8 M h l ? Q ,  88 the 

The l i f t  and drag data 'have been plotted together in the fomn 
of' polar8 i n  figure 5. Ekarnination of these  cmve6  indicates that 
the ssme conclusions m n  be drawn a t  a l l  value8 of lift coefficient 
as have been drawn in  the  preceding  diecuasioq. 

The pitchi%-ament coefficient  about  the root section quarter 
chord is shown in figure 6 a s  a function of l i f t  coeff ic ient   for  
various Mach numbers, anglee of sweepback, and aspect ratios. The 
negative pitching-moment coefficient of the infinite  aspect r a t i o .  
w i n g  and unmept wing of aspect ratio equal t o  5 Increases slightly 
with increasfug Mach number, However, camprssstbility aeems t o  have 
l i t t l e   e f f e c t  oa the swept4ack or lower-aspect-ratio  wings. As 
the wing is swept  beck, the  negative  pitching Icc;ment increases 
markedly, a s  eEam IR figure 6. This rearward shift of the center 
of pressure is w h a t  w d d  ba expected. f r a m  a consideration of the 
gemetry of the various configurations. Changes in aspect   ra t io  
do not greatly  affect  the  pitching-matent  coefficient a t  zero sweep, 
but i n   t he  case of a sweptback wing, lowering the aspect   ra t io  
reduces  the  rearward  shift of the  center of pressure and. thorefore 
cauees a decrease i n  the negative  pitshfng-mment  coefficient  about 
the root  section. 

The l i f t  and drag data already shown w o u l d  seem to indicate 4 

that sweepback i e  i1~01'e effective  then low aepec t   ra t io   in  reducing 
the  effects of Ccmpre8eibility. It should be remembered, however, 
that these data are fol- elmilar wings of constant  thickness-to-chord - 
r a t i o  and are therefore not repi-esentutive of a desfgn problem 
involving  choice of wiw plan form f o r  a given airplane. I n  a given 



design problem, t h e  thic2ncos-to-chord ratio of the wing section 
may be saried and, therefoI-8, use of low aspect   ra t io  w i l l  generally 
permit the use of .a thtnner ~ e c t l m ,  thus dissi@tIng, t o  a larger 
extent, the 'apparent  superiority of sweepback over low aspect r a t i o  
ehown by these data. Caneider, f o r  exaqle ,  two wings having the 
same w i n g  loading a d  operating at tho s m  Mach m b e r ,  one with 
an aspect  ratio of 5 and 300 of aweepbtick, the other with an afigsct 
ratio of 2 and Oo weepback. . Due t o  the smaller span, the greater 
chord f o r  equal areas ,  and. t i e  absence of high  negative  pitubing 
mcsnents about  the root  section, Lhs thicknes&-tu-chord r a t i o  of . 
the low-aspect-Tatio w i n g  could be an estimated 60 t o  70 percent 
lower than that of the swoptback w i n & .  The c r i t i c a l  Mach number 
of such  a wing would therefore be r a i s e d   t o  a coneiderably  higher 
value. T h i s  point  should be carefully CO~16idered i n  the choice 
of a suitable wing plan form for high subson:c Mach numbers. 

An inveetigation of wings with various canbinations of aepect 
r a t i o  and eweepbsck a t  high subsonic Mach nunibers ha! shmn th&t 
sweepback- and low aspect   ra t io  each tend t o  both delay and lessen 
the effects of' canrpreaaibility.  Further, that when i n  combination, 
the  effects of sweepback and low aspect  ratio  tend  to be c m l a t i v e  
but less than  additive. The larger tho amount of either variable 
used i n  a cctmbinatfon, the less w i l l  be the effect  cf the other 
variable and, therefore,  the  greater will be the departure from an 
ad.ditive  effect. 

Langley Manorial  Ae-onautical Laboratory 
Natj onal Advisory Camibtee fo r  Aeronautice 

Langley Field, Va.  
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(a) Over-all view with access door removed showing model 
instalation. A = 5;h = 0'. 

Figure 1.- Model  mounted in test section of Langley %-inch high-speed tunnel. - F 



(b) Close-up showing interior of test section with model in 
. place. A = 3; A =  30'. 

Figure 1.- ContLnued. 



. .. . 

(c) Downstream view with model In place. A = 5; A = 0'. 

Figure 1.- C01~1uded. 
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Fig. 2b NACA- RM NO. L7C24 b 
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- (c) A = 2 .  
fisut-e 2. - Corrc/uded. 
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